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- VARIABLE DISPLACEMENT ROTARY
INTERNAL COMBUSTION ENGINE

CROSS REFERENCE TO RELATED
 APPLICATION

Tins is a continuation- m-part application of application

" Ser. No. 08/327.752. filed Oct. 24. 1994. now U.S. Pat. No.

5,494,014, by the inventor herein and entitled “ROTARY
INTERNAL COMBUSTION ENGINE”. The benefits of the

- filing date of this earlier application, for so much as is
-~ common with this application, are hereby claimed.

FIELD OF THE INVENTION

~ The present invention relates to a rotary internal combus-
. tion engine. More particularly, the present invention relates

DU ~ to an improved rotary internal combustion engine having a

‘number of advantages over the prior art.

BACKGROUND OF THE INVENTION

‘Much work has been done in the field of internal com-

. bustion engines of both the reciprocating and rotary types.
- The present invention is directed to an improvement on the

IR E ary type internal combustion engine. In the past, efforts

. have been made in this area including those disclosed in U.S.

~ Pat No. 1,116,781-Amey: U.S. Pat. No. 1,349,353-Wilber,
oo T ULS, Pat. No. 2,263, 361 Lawrenee Jr.; and U.S. Pat. No.

-3 9’?8 828-R0gers

SUMMARY OF THE INVENTION

. _The..pi‘esent invention provides a number of advantages
including a rotor that revolves on a straight line shaft, i.e. the

. rotor does not rotate in an eccentric manner but revolves
- around a single axis.

- Another advantage resides in the cooperating shape of the
- rotor and housing or block which provides with continuous

shapes an increased area for charging, a compression area

 andan enlarged combustion area which is further controlled

by an operative outer segment in the block. In a presently

. preferred embodiment, the rotor is provided with a substan-
= tially round shape and the bore in the block or housing is
oo provided with a generally elliptical shape, providing
- increased spaces between the rotor and the block in the

- charging and combustion areas.
~ Another advantage of the present invention is the shape

"~ and manner of mounting of rotor segments on the rotor

- which function as force receiving or “piston” structures as
well as functioning in the charglng function (air and fuel

L intake)

~Another advantage of the present invention is that it is

B ‘readily adaptable to providing two firings or combustions

per revolution, which may be referred to as one half eyele

PSR verses the common two or four cycle engines.

- Another advantage of the present invention is its ability to
eperate on various combustible gases with little or no
.' -me&ﬁeaﬂen mcludmg natural gas, gasoline, propane, die-

Anether advantage of the present invention is its flexibil-
ity, wherein the present invention may be utilized to struc-

~ ture motors of various sizes and configurations, including

- any number of rotors with rotor sections laid out in line, side
by side, over, under Or any eembmatmn of these arrange-

o ments
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Another advantage of the present invention is its effi-
ciency due to less friction than other current designs, its

constant circular motion as opposed to reciprocating piston
engines or known eccentric designs involving rotary

- engines, such as the “Wankel” engine.

Another advantage of the present invention is that it

provides a rotary 1nternal combustion engine with variable .
displacement.

Another advantage of the present invention is that it

provides an internal combustion engine with variable dis-

placement accomplished by varying the size of the combus-
tion chamber. |

Briefly and basically, in aceordance with a prefen'ed ]
embodiment of the present invention, a rotary internal
combustion engine is provided in the form of a block having
a bore therein, A rotor is adapted to rotate in the bore in the
block. The rotor and the block bore are shaped so that one
is generally elliptically shaped and the other is generally
round in cross section or cylindrical prowdmg increased
space between the rotor and the block in the charging and
combustion areas. Means are provided on the block for
forming a charge area, typically in the form of an air inlet

and a fuel injector, and another area on the block is formed

to function as a combustion area which would include an
1gniting or firing means in the form of a spark plug. A pair
ol rotor segments are mounted on the rotor, the rotor

~ segments being adapted to recede into spaces formed in the
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rotor and to extend from the rotor in the charging and

combustion areas such that one segment is being utilized in

connection with the receiving of a charge at approximately
the same time that the other is extended to function as a -

receiver of force in the combustion area to drive the rotor.

In a presently preferred embodiment, vanes are utilized to
provide seals between the rotor and the block so as to divide
the block into two rotor segment areas. Once a charge is
received between the trailing end of one segment and the
vane, it 18 compressed due to the decreasing space between |
the rotor and the block as the rotor rotates. As the rotor
rotates further into the combustion area, the segment is =
caused to extend into the combustion chamber either as a
result of centrifugal force alone or as a result of a centrifugal
force with the assistance of a mechanical means such as a

spring, while at the same time the combustion area is caused

to be enlarged by the outward movement of an outer

segment on the housing. The firing of an ignition means,

such as a spark plug, causes a driving force on the rotor
segment causing the rotor to rotate. The outer segment may
be controlled by various means, but in a preferred embodi- -
ment, the outer segment 1s controlled by a cam shaft driven |
by the rotor. Subsequently, products of combustion are
exhausted through an exhaust port.

The present invention provides a variable displacement
internal combustion engine. Furthermore, the present inven-
tion provides a variable displacement internal combustion:
engine 1n which the variable displacement function is
accomplished by means of varying the size of the combus-
tion chamber. In a presently preferred embodiment, a con-
trolled variable stop in the form of a limiting wedge and an
actuator is used to control the outer limit of travel of the
outer segment On the housing. The limiting wedge may be
positioned between the cam shaft and the outer segment and

‘operated by an actuator to limit the outward travel of the
outer segment. With the limiting wedge fully retracted, the

outer segment is allowed to move outwardly to the maxi-
mum extent creating full displacement. As the limiting
wedge 1s extended by the actuator, the outward movement of -
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~ the outer segment is reduced, thereby reducing the size of
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~ the combustion ehamber and lowering the dlsplacement of

. the engine.

‘The present invention is not hnuted to the preferred'_
embodiment 111ustrated and described, but such specifics are

. provrded for the purposes of 111ustrat1ng a presently pre-

ferred embodrment

* BRIEF DESCRIPTION OF THE DRAWINGS

| For the purp'oSe of illustrating the in‘#entlon ‘there 1s
shown in the drawings forms which are presently preferred

4

. In the preferred embodlment illustrated, block 10 is

provided with an air intake port 20 and a fuel injector 22.
However, 1t 18 understood that various modifications may be
made in this area, including the use of one input port which

~ would receive a mixture of air and fuel from a carburetor to

form a charging area. The area between block 10 and rotor
12 in the area of air intake port 20 and fuel injector 22 may

 bereferred to as a charging area, that is where the air and

10

it being understood, however, that this invention is not

Alimited to the prec1se arrangements and mstrumentahtres .
- - 15

| _shewn |
- FIGS. 1, 2 and 3 are _eross sectional views of a preferred_

- embodiment of a rotary combustion engine in accordance

- with the present invention showmg the rotor in three drﬁ’er— -

- ent positions.

-~ HG. 4 18 a bloek d1agram 111ustrat1ng a pluralrty of
| 1nternal combustion engines connected together in series. |

20

fuel to be subsequently combusted enter the -engine.

‘Rotor 12 rotates in a clock wise direction as illustrated by

‘arrow 24. The charging area may be generally identified by
~ the numeral 26. However, it is understood that this is a broad

area extending from below the air intake port 20 to beyond

the fuel injector 22. As the rotor 12 continues to rotate in the
direction of arrow 24, there is a continuous decrease in the
- space between the rotor 12 and the inner surface of the bore
- of block 10 and this broad area may be referred to as the area

of compressmn 28. Again, it is understood that the com-
pression area is a broad area extending from the charging

- area to the combustion area to be discussed hereinafter. As

- the rotor 12 rotates in the direction of arrow 24, the air/fuel

FIG. 5 is a block dlagrem of a plurality of internal .

_-_eombusuon engine units in accordance with the ‘present
- invention connected together in parallel or side by side
relatlonshrps |

mixture trapped between the trailing edge of rotor segment

30 and the leading edge of vane 80 is compressed as the

~ volume between this portion of the rotor and the inner

25

'FIG. 6 is a cross sectional view of a preferred embodlment '

 of a variable displacement rotary combustron engine in
accordance with the present invention. .

FIG. 7 is broken away cross sectional view of a portron of

surface of the bere of block 10 becomes significantly
smaller. | |

‘Block 10 1s prowded wrth a spark plug 30 It is understood

- that any suitable means for generating a Spark is contem-

30

| the embodiment shown 1 in FIG. 6 with the travel of the outer

. segment limited to a different value to produee a dlﬁerent |

degree of displacement than that shown in FIG. 6.
~ FIG. 8 is an clevation view taken along line 8-8 of FIG

'segment mounted between a drvrded cam.

DETAILED DES CRIPTION OF THE
PREFERRED EMBODIMENT

fluids. The cross sectional view in FIGS. 1 through 3 is the

- same embodiment with the rotor 12 shown in three different
~rotary positions which will help to illustrate the description
~of the operation of the engine. Block or housing 10 is
provided with a plurality of fastening holes 16 which may be -
‘tapped or untapped depending upon the arrangement. FIGS.
1 through 3 illustrate a single rotor which might be consid-
ered to be analogous to a single cylinder in a one cylrnder'

- reciprocating engine. End plates are fastened by means of

plated to be within the scope of the present invention and
defined by the genera] term spark plug Immediately below
spark plug 30 is a moveable outer segment 32 which is

pivotally mounted at 34 to block 10. Outer segment 32 is
. movable in the direction of arrow 36, which is illustrated in

- FIGS. 1and 2. Outer segment 32 may be operated by various

- Tof a wedge structure for limiting the travel of the outer. 35

means, timed wrth the rotation of rotor 32 such that outer
segment is moved ‘in. the direction of- arrow 36 for the

- purpose of combustion at the time of the generation of a

Refemng now to the drawmgs wherein like numerals .
indicate like elements, there is shown in FIGS. 1, 2 and 3,
~ ablock or housing 10 and a rotor. 12 of a presently preferred

- embodiment of the present invention. Block 10 is provided
~ with a plurality of cooling ports 14 which may receive a

- cooling medium therethrough, such as air, water or other

‘45

spark by spark plug 32. As 1llustrated in the drawings, a

presently preferred method of operatmg outer segment 32

would be a cam 38 mounted on a cam shaft 40 which may
preferably be driven by a coupling to rotor shaft 18. This

~ coupling may be by any suitable means, including gearing,

a chain drive or the like. However, it is understood that other

~ suitable means of operating segment 32 may be utilized in
 practicing the present invention, such as a solenord type

device operated in response to a sensor responsive to indicia

. corresponding to the ‘position of rotation of shaft 18. Outer
- segment 32 may be provided with a suitable seal such as seal

50

~ 42. Of course various other arrangements may be utilized in
providing the sealing function, including the seal being

- mounted within segment 32 as contrasted to it being

- approaching exhaust port 46 which is provided in block 10

fasteners through at least some of the fastening holes 16

‘which may be tapped to form a closed unit. A plurality of

such housings and rotors may be bolted or otherwise fas-
. tened together in line in series as illustrated in FIG. 4.
Alternatively, a plurality of these engine units may be

- mounted together in side by side relationship (1ndependent-

- of orientation whether they are horizontally on side by side -

- mounted within block 10 as shown. The combustion area
‘may be generally identified by the- numeral 44 for the

purposes of ease of discussion. Combustion area 44 gener-
ally extends from under spark plug 30 down to the area

- for the removal of the produets of combustion. Outer seg-
_' 'ment 32 moves in the direction of arrow 36, thereby allow-

“ing a rotor segment at the appropriate. time, such as rotor
segment 50 shown in FIG. 2, to move outwardly with the

. air/fuel mixture be1ng between the trarhng edge of rotor

or at any various angle or vertically mounted, side by side

.merely refernng to rotor shafts 18 being arranged in parallel

 as illustrated in FIG. 5. Such rotor shafts may be connected :
_— together by gearmg, eha.m dnves Or other surtable couphng o
- means. o |

segment S0 and the tip of spark plug 30. ‘Upon firing of spark

plug 30, the force of the combustion or explosion drives

- rotor segment 50 in the direction of arrow 100 causing

65

further rotation of rotor 12 in the d1rect1on of arrow 24.
Refemng now to rotor 12 in greater detml rotor 12 is

. ..provrded with rotor segments 50 and 60 whreh are pivotally
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~ mounted to rotor 12 by suitable pivot structures such as pins

52 and 62, respectively. Rotor 12 is provided with recesses

54 and 64 which are formed in rotor 12 so that they may
-7 receive rotor segments 50 and 60, respectively. Although in

| the presently preferred embodiment, recesses 54 and 64 are
- machined or otherwise formed in rotor 12 so that rotor

segments 50 and 60 may be received fully therein, it is

~ understood that these recesses may be less if greater space

were provided between the rotor and the block bore surface

- in the compression and exhaust areas. However, in the

SR presently preferred embodiment as illustrated, recesses 54

- and 64 would be formed so that rotor segmenits 50 and 60
~ may be fully retracted into the rotor. Rotor segments 50 and

60 are provided with seals 56 and 66, respectively, to form
~ a tight seal between the outer most portion of the rotor.

R . egments and the interior surface of the bore in block 10.

~ Additionally, seals 58 and 68 may be provided between the
~= . .- rotor segments and the rotor to keep recesses 54 and 64,
= respectively, clean or clear of any debris, such as carbon

S o . dﬁP_GSitS from C{}mbllStiOIl. |

~ Rotor segments S0 and 60 may be operated or extended

_ from recesses 54 and 64, respectively, solely as a result of
. centrifugal force, particularly at higher operating speeds of

~ rotor 12. Aliematively, as illustrated, spring 70 may be

provided between the rotor segments and the back wall of
the rotor recess. Lubrication passageways 72 may be drilled

o otherwise formed in rotor 12 to provide suitable lubrica-
- tion to points as needed. This may be fed from an oil
- passageway 74 in rotor shaft 18. Such lubrication may be

provided to pivot points of the segments, to the vanes and as

.: - otherwise deemed desirable.

. Rotor 12 is provided with vanes 80 and 90 to provide
.. separation between the operation of rotor segments 50 and
~ 60. In other words, as may be seen in FIG. 1, intake air may

~ be trapped between the trailing edge of rotor segment 50 and

o . vane 80. Vanes 80 and 90 are mounted in slots or recesses

- 82 and 92, respectively, formed in rotor 12. Vanes 80 and 90
.. are provided with seals 84 and 94, respectively, between the

vanes and their rotor recesses. The outer most portion of

L “vanes 80 and 90, that is the portion which is juxtaposed the

inner surface of the bore of block 10, are provided with seals

- 86 and 96, respectively, to form a seal between the vanes and

- the inner surface of the bore block 10. As with the rotor
segments, vanes 80 and 90 may be operated by centrifugal

- force to maintain a seal between the vanes and the block

-~ bore, particularly at higher speeds of rotation of rotor 12, but
~ alternatively, the vanes may be provided with springs 88 to

assist in this function. As illustrated, the cam shaft drive for

~ outer segment 32 may be provided with a cover 98 to
- enclose this operating structure and retain lubrication.

- In operation, referring to FIG. 1, as the rotor rotates,

o __ Centrifugal force moves the vanes and rotor segments into
- .- contact with the block bore. As rotor segment S0 passes air
.. intake 20, air is drawn into the portion of charging area 26

between the following end of rotor segment 50 and vane 80.

- When the rotor segment passes fuel injector 22, fuel is

injected into the air as may be best seen from FIG. 3 where

~vane 80 is in the process of traversing air intake port 20 in
. charging area 26. As vane 80 passes air intake 20, the air/fuel
 mixture is trapped between vane 80 and the trailing edge of
~ rotor segment 50 and seal 56. This air fuel mixture, as the
- rotor 12 continues to rotate in the direction of arrow 24, is
~ forced into a decreasing volume in compression area 28 and

~ is compressed.

- - As rotor 12 continues to rotate in the direction of arrow
24, rotor segment 50 enters the combustion area 44 with
. outer segment 32 having been allowed to move in the
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direction of arrow 36 as a result of the rotation of cam 38 and

combustion causes the heated expanding gas of combustion
to force rotor segment 50 in the direction of arrow 100. In
other words, when the rotor segment 50 reaches the outer
segment 32, the cam shaft 40 rotates cam 38 to its low point
thereby allowing outer segment 32 to swing in the direction

- of arrow 36. The rotor segment 50 follows the outer segment

outward thus forming a combustion area under the spark
plug. At this point, the compressed air/fuel mixture is forced
into the combustion area and is ignited by the spark plug.
The resulting explosion forces the rotor segment in the .
direction of arrow 100 away from the combustion area
creating power. | |

As may be better seen in connectlon w1th FTG 3, as s the

rotor 12 continues to rotate in the direction of arrow 24

during the power stroke, the cam shaft starts to push the
outer segment 32 back in a direction opposite to the direction
of arrow 36. When the outer segment is all the way back, the

burned gases are trapped between the rotor segment 50 and N

the following vane 80. The burned gases are forced into a
decreasing area as the rotor segment passes the exhaust port
and the praducts of combustion are forced out of exhaust .
port 46 by vane 80.

The process is repeated for the second rotor segment
60/vane 90 combination. This process occurs twice per
revolution, once for each rotor segment/vane combination.

Referring now to FIG. 6, 7 and 8, there is shown a rotary -
internal combustion engine with variable displacement -

~ achieved through varying the size of the combustion cham-

ber. Means are provided for limiting the range of movement
of the outer segment independent of the cam shaft. This may
be accomplished by adjustable stops of various structure
which would limit the outward movement of the outer
segment. There 1s 1llustrated in FIGS. 6, 7 and 8 a presently
preferred embodiment of the invention wherein the range of
motion or range of outward movement of outer segment 132
is limited by the position of a wedge shaped stop 150. The

position of wedge shaped stop 150 is controlled by an  _

actuator 152 which may be any suitable type of drive for
wedge 150 including an electrical, mechanical or hydraulic
drive. In a presently preferred embodiment, actuator 152
may be an electrical stepper motor which is connected to
wedge shaped stop 150 by a threaded actuator link 154. The

‘stepper motor may be controlled by various suitable elec-

trical signals including the output of a mini-computer for
controlling the amount of variable displacement.

The positioning of wedge"shaped stop 150 as shown in
FIG. 6 would provide an engine at approximately 25 percent
displacement. A displacement of approximately 75 percent
18 shown in FIG. 7 by the positioning of wedge shaped stop

150. Other than the limiting of the outward movement of

outer segment 132 by the adjustable stop or wedge 150, the
rotary internal combustion engines shown on FIGS. 6 and 7
operate as described previously with respect to FIGS. 1
through 3.

FIG. 8 is a side elevauon view of wedge 150 mounted
between a divided cam shaft 138, illustrated in FIG. 8 as
138a and 1385. However, it is understood that other struc-
tures may be utilized to controllably limit the extreme of
outward movement of outer segment 132 other than that
illustrated herein.

In the fixed displacement embadlment shown in FIGS. 1,
2 and 3, the movement of outer segment 32 follows cam 38._ |
However, in the variable displacement embodiment illus-
trated in FIGS. 6, 7 and 8, the movement of segment 132

cam shaft 40. Spark plug 30 having been fired, the resulting .
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follows cam 138 only so long as adjustable_ wedge shaped

stop 150 1s fully retracted, that 1s, at its lower most position

towards actuator body 152 wherein outer segment 132 is

- allowed to follow the shape of cam 138 as it rotates. As the -'

“adjustable wedge shaped stop 150 is extended or raised,

outer segment 132 in the variable displacement embodi-

“ments illustrated in FIG. 6, 7 and 8 follows cam 138 in the

- normal manner for a poriion of the rotation, but dependmg o
-~ upon the positioning of stop 150, the outermost movement
- of outer segment 132 in the direction of arrow 136 is limited

- by wedge shaped stop 150. In other words, for a portion of
the cycle of cam 138, outer segment 132 is precluded from

- actuator 152 in response to a minicomputer or other suitable

10

n by wedge shaped stop 150. The position-
~ ing of wedge shaped stop 150 is infinitely variable by

- control signal, and FIG. 6 illustrates a 25 percent displace-
‘ment where wedge shaped stop 150 has been extended to a

considerable degree and FIG. 7 1llustrates a 75 percent

displacement where wedge shaped stcp 150 has been
extended to a lesser degree | . | |

o 20
1t 18 understeod that vaneus other arrangernents may be o

utthzed to prcv1de a stop for outer segment 132 which is - '

~ variable in response to a suitable control signal. Further,
“other structural arrangements may be made including the

providing of a bushing on cam shaft 140 where wedge

| 'shaped stop 150 would be in contact with it.

~The rotary internal combustion engine of the present.

95

' : | invention may be operated on any combustible gaseous fuel
- including gasoline, diesel fuel, natural gas, propane, etc. The -

~ rotary internal combustion englne of the present invention is

able to do this because of variances in the intake, compres-

~sion and combustion areas. This may be accomplished by

'-'utilizing the same design by changing the fuel injector and
air intake pressure to change the fuel/air ratio which will

-vary the amount of compression. Alternatively, changes may
~ be made in the shape of the intake, compression and

~ combustion areas such as by changrng the shape of the bore

different functrens

The, present invention may be embcdled in other speclﬁc
the spirit or essential attributes

- forms without departing fro

a0

35

~ in the block to provide the optlmum vclume areas for the

40

:thereef and, accordingly, reference should be made to the
appended claims, rather than to the foregoing specrﬁcatlen"- -

as indicating the scepe of the invention.
- Iclaim:

- 1. A rotary internal cernbustrcn engrne cempnsmg

a rotor provided with at least one eutwardly moveable
o | claim 5 wherein said outer segment 18 cperated by a cam on

| - a camshaft.
50

. rotor segment; |
~ a block having a bore within Wthh sard roter rotates

j '.'4_5

 independent of the cam.

8 .
~ outer. segment for each combustion cycle and being
B ad_]ustable to control the range of movement to vary the
~ maximum size of the ccrnbustlen chamber to create a
- variable displacement engine. .
2. A rotary internal combustion engrne in accordance with

- claim 1 wherein said means for centrelhng the movement of
said euter segment 1nc1udes a cam on a ¢am shaft and means

for. 11n11t1ng the outward

ovement of the outer segment

‘3. Arotary internal cembustren engrne 1n accordance with

- claim 2 wherein said means. for hnntmg the. outward move-
- ment of the outer: segment mdependent ef the cam includes

an adjustable stop. - .
4. A rotary internal combustion engme in accerdance with

_'__clann 3 wherein said adjustable step 1s a lrnntrng wedge
pes1t10ned by an actuator. |

A rotary internal combusnen engrne cempnsrng
a block havmg a bore therein; -
a rotor adapted to rotate in said bore in sa1d blcck

'_'satd rotor and block bore being shaped so that one is
_generally elliptically shaped and the ether 1s generally
~cylindrical; - |

'_':-means on said bleck for fernnng a chargmg area;

eans on said block for forming a combustion area, said
~ combustion area means including a moveable outer
segment, said outer segment in the combustion area
being movable away from said rotor thereby forming a
combustion chamber Just pner te the tnne of combus-
tion; and - | | o

| _a pair of rotor segments mcunted on sard reter one bemg
adapted to be utilized to receive a charge at approxi-

~ mately the same time as the other is extended to

~ function as a receiver of force in the combustmn area
to drive said rotor; and

means for selectrvely centrolhng the outer limit of move-

ment of said outer segrnent away from said rotor to

- selectively contrel the | maxnnum size of said combus-
- tion chamber. = e

6.A retary internal combustmn engine in accordance with

claim 5 wherein said rotor is substantially cylindrical and
- said block bore is generally elliptically shaped

7. A rotary internal combustion engine, in accordance

- with claim 6 including a pair of vanes mounted in said rotor

between said rotor segments for causmg a seal between said

| 'rcter and said block bore.

~ said block being provided with an outer segment prvetally o

 mounted on said block, a cor
- formed or enlarged by the outward r
outer segment; and o

bustion space being
ovement e_f_ said

8. A rotary internal cembustron englne in accerdance with

9. A rotary internal cembustmn engine in accordance with

claim 8 wherein said means for selectively centrelhng the

outer limit of movement of said outer segment is an adjust-

~ able stop structured to limit the movement of the outer

means for controlling the eutward rneventent of said outer _5-5 |
N segment said means controlling the mcvement of said

| segment 1ndependent of satd cam.
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